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STEEL  SHEET  HAVING  DENSE  CERAMIC  COATING  WITH  EXCELLENT  ADHisSlUN.SMUUi  nncoo  amu 
CORROSION  RESISTANCE  AND  PROCESS  FOR  ITS  PRODUCTION. 

©  A  process  for  coating  the  surface  of  low-carbon 
^   steel  sheet  or  stainless  steel  sheet  with  a  ceramic 
'""coating,  which  comprises  extending  a  focusing  coil 

which  serves  as  a  path  for  migration  of  an  evap- 

orated  substance  as  rar  as  tne  vicinity  ot  me  surrace 
of  the  steel  sheet,  providing  a  metal-semimetal  coat- 
ing  composed  of  at  least  either  a  metal  or  a  semi- 
metal  as  an  undercoat  layer,  and  forming  thereon  at 

xerox  uopy  oentre 
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least  one  layer  of  ceramic  coating  to  obtain  ceramic- 
coated  steel  sheet  having  excellent  adhesion, 
smoothness  and  corrosion  resistance. 
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S p e c i f i c a t i o n  

STEEL  SHEETS  PROVIDED  WITH  DENSE  CERAMIC  COATING 
HAVING  IMPROVED  ADHESION  PROPERTY/  SMOOTHNESS  AND 

CORROSION  RESISTANCE  AND  METHOD  OP  PRODUCING  THE  SAME 

TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   of  f o r m i n g   a  

c e r a m i c   c o a t i n g   h a v i n g   r i c h   a d h e s i o n   p r o p e r t y ,  

s m o o t h n e s s   and   c o r r o s i o n   r e s i s t a n c e   o n t o   a  s u r f a c e   of  a  

low  c a r b o n   s t e e l   s h e e t ,   a  s t a i n l e s s   s t e e l   s h e e t   or  t h e  

l i k e ,  

BACKGROUND  ART 

R e c e n t l y ,   t h e   c o a t i n g   t e c h n i q u e   u s i n g   p l a s m a   i s  

c o n s i d e r a b l y   a d v a n c i n g   and  w i d e l y   u s e d   in   v a r i c u s  

f i e l d s .   As  t h e   u s e   of  s u c h   a  c o a t i n g   t e c h n i q u e ,   t h e r e  

a r e   m e n t i o n e d ,   f o r   e x a m p l e ,   f o r m a t i o n   of  m a g n e t i c  

r e c o r d i n g   t h i n   f i l m s ,   v a r i o u s   a b r a s i o n   r e s i s t a n t  

c o a t i n g s ,   c o r r o s i o n   r e s i s t a n t   c o a t i n g s ,   d e c o r a t i v e  

c o a t i n g s ,   f a r - i n f r a r e d   r a y   h e a t i n g   e l e m e n t s   and  t h e  

l i k e .  

In  g e n e r a l ,   e v a p o r a t i o n   s u b s t a n c e   of  m e t a l ,  

s e m i - m e t a l   or   t h e   l i k e   can   be  i o n i s e d   or  a c t i v a t e d   t o  

g i v e   h i g h   m o t i o n   e n e r g y   by  u t i l i s i n g   t h e   p l a s m a ,   w h e r e b y  

s h e e t s   h a v i n g   g o o d   a d h e s i o n   p r o p e r t y   b e t w e e n   v a p o r  

d e p o s i t e d   f i l m   and   s u b s t r a t e   and  f i l m   q u a l i t y   a r e  

o b t a i n e d .  

H e r e t o f o r e ,   t h e r e   h a v e   b e e n   m a g n e t r o   s p u t t e r i n g  

m e t h o d ,   EB  ( e l e c t r o n   beam)  +  RF  ( r a d i o   f r e q u e n c y )  
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m e t h o d   f  p l a s m a   CVD  m e t h o d   and  t h e   l i k e   as  t h e   p l a s m a  

c o a t i n g   m e t h o d /   and   m u l t i   a r c   m e t h o d   u s i n g   v a c u u m   a r c  

and   i o n   p l a t i n g   u s i n g   h o l l o w   c a t h o d e   d i s c h a r g e   (HCD) 

m e t h o d   a r e   r e c e n t l y   k n o w n .  

Among  t h e s e   p l a s m a   c o a t i n g   m e t h o d s ,   t h e   h o l l o w  

c a t h o d e   d i s c h a r g e   m e t h o d   is   r e l a t i v e l y   h i g h   in   t h e  

i o n i z a t i o n   r a t i o   and   t he   f i l m   f o r m i n g   r a t e ,   so  t h a t   i t  

i s   u t i l i z e d   f o r   s m a l l   s i z e   c e r a m i c   c o a t i n g s   s u c h   a s  

d e c o r a t i v e   a r t i c l e s ,   t o o l s   and  t h e   l i k e .  

In  o r d e r   to  f o rm  c e r a m i c   c o a t i n g   h a v i n g   i m p r o v e d  

p r o p e r t i e s   s u c h   as  a d h e s i o n   p r o p e r t y ,   u n i f o r m i t y ,  

c o r r o s i o n   r e s i s t a n c e   and  the .   l i k e   o n t o   a  s u r f a c e   o f  

s t e e l   s h e e t   h a v i n g   a  l a r g e   s u r f a c e   a r e a   by  t h e s e  

m e t h o d s ,   i t   i s   n e c e s s a r y   to  i n c r e a s e   t h e   i o n i z a t i o n  

r a t i o   in   t h e   i o n   p l a t i n g   or  i on   p l a n t a t i o n   t r e a t m e n t ,   t o  

i n c r e a s e   t h e   v o l t a g e   a p p l i e d   to  t h e   s t e e l   s h e e t   and  t o  

r a i s e   t h e   t e m p e r a t u r e   of  t h e   s t e e l   s h e e t .  

In  t h e   c o a t i n g   f i l m   o b t a i n e d   by  s u c h   a  

t r e a t m e n t ,   t h e   f i l m   q u a l i t y ,   a d h e s i o n   p r o p e r t y   a n d  

c o r r o s i o n   r e s i s t a n c e   a r e   l a r g e l y   i m p r o v e d ,   b u t   i t   c a n  

n o t   be  s a i d   t h a t   s a t i s f a c t o r y   a d h e s i o n   p r o p e r t y   a n d  

c o r r o s i o n   r e s i s t a n c e   a r e   o b t a i n e d ,   and  h e n c e   i t   i s  

d e m a n d e d   to   more   i m p r o v e   t h e s e   p r o p e r t i e s .  

P a r t i c u l a r l y ,   t h e   i on   p l a t i n g   t r e a t m e n t   t h r o u g h  

t h e   h o l l o w   c a t h o d e   d i s c h a r g e   m e t h o d   can   e x p e c t   t h e  

i m p r o v e m e n t   of  c o r r o s i o n   r e s i s t a n c e ,   d e c o r a t i v e   p r o p e r t y  
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)r  w e a r   r e s i s t a n c e   on  s t e e l   s h e e t s   h a v i n g   a  l a r g e  

s u r f a c e   a r e a   f o r   u s e   in   b u i l d i n g   m a t e r i a l s   or  t h e   l i k e ,  

so  t h a t   t h e   u t i l i z a t i o n   t h e r e o f   i s   a t t e m p t e d ,   b u t   i t   i s  

l o t   y e t   p u t   i n t o   p r a c t i c a l   u s e   a t   t h e   p r e s e n t .  

B e c a u s e ,   s u c h   a  s t e e l   s h e e t   i s   r e q u i r e d   to  h a v e  

:he  f o l l o w i n g   c o n d i t i o n s !  

L)  t h e   a d h e s i o n   p r o p e r t y   b e t w e e n   s t e e l   s h e e t   a n d  

c e r a m i c   c o a t i n g   i s   g o o d ?  

2)  t h e   c e r a m i c   c o a t i n g   can  u n i f o r m l y   be  c o a t e d   o v e r   a  

L a r g e   s u r f a c e   a r e a ;  

3)  .  t h e   f i l m   q u a l i t y   ( p a r t i c u l a r l y   d e n s i f   i c a t i o n )   of  t h e  

c e r a m i c   c o a t i n g   i s   g o o d ?  

4)  t h e   c o r r o s i o n   r e s i s t a n c e   i s   e x c e l l e n t ;  

5)  t h e   c o a t i n g   can   be  f o r m e d   on  t h e   s t e e l   s h e e t   h a v i n g  

a  l a r g e   s u r f a c e   a r e a   a t   a  h i g h   s p e e d   and  u n d e r   g o o d  

p l a s m a   a t m o s p h e r e ?   and  t h e   l i k e ,  

b u t   t h e   a b o v e   c o n d i t i o n s   c o u l d   n o t   s u f f i c i e n t l y   b e  

s a t i s f i e d   by  t h e   c o n v e n t i o n a l   h a l l o w   c a t h o d e   d i s c h a r g e  

m e t h o d .  

A p a r t   f r o m   t h i s ,   t h e r e   a r e   r e c e n t l y   m a d e  

i n v e s t i g a t i o n s   on  t h e   p r o p e r t i e s   of  s u r f a c e - t r e a t e d  

s t e e l   s h e e t s   t h r o u g h   ion   p l a t i n g   u s i n g   t h e   a r c   d i s c h a r g e  

m e t h o d ,   and  c o n s e q u e n t l y   i t   i s   r e p o r t e d   t h a t   when  a  

d i f f e r e n t   m e t a l   i s   s u b j e c t e d   to   d r y   p l a t i n g   a t   a n  

i n t e r f a c e   of  t h e   s t e e l   s h e e t   to  f o r m   a  d o u b l e   l a y e r  

c o a t i n g ,   t h e   c o r r o s i o n   r e s i s t a n c e   i s   c o n s i d e r a b l y  
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i m p r o v e d   as  c o m p a r e d   w i t h   t h a t   of  t h e   s i n g l e   l a y e r  

c o a t i n g ,   { s e e   T e t s u   to   H a g a n e ,   7 2 ( 1 9 8 6 ) ,   S13Q9  b y  

H i r o s h i   K a g e c h i k a ,   H i r o s h i   K i b e ,   T a k e s h i   A n i y a ,   H i r o s h i  

N a e m u r a ,   T a k a s h i   H a r a t o m i } .   On  t h e   o t h e r   h a n d ,   J a p a n e s e  

P a t e n t   l a i d   o p e n   No.  6 2 - 9 9 4 5 8   d i s c l o s e s   a  m e t h o d  

c o n s i s t i n g   of   a  f i r s t   s t e p   of  c o n d u c t i n g   ion   p l a t i n g  

u n d e r   a  h i g h   v a c u u m   a t m o s p h e r e   of  no t   h i g h e r   t h a n  

l . O x i o - 5   T o r r   to   f o r m   a  f i r s t   p l a t e d   l a y e r   and  a  s t e p   o f  

f o r m i n g   a  p l a t e d   l a y e r   of  a  d i f f e r e n t   m a t e r i a l   f r o m   t h e  

f i r s t   l a y e r   on  t h e   a b o v e   l a y e r .   T h i s   ion   p l a t i n g   m e t h o d  

i s   r e q u i r e d   to   u s e   a  h i g h   vacuum  t h a t   an  a t m o s p h e r e  

p r e s s u r e   u n d e r   v a c u u m   i s   no t   h i g h e r   t h a n   l . O x l O - 5   T o r r ,  

so  t h a t   t h e r e   i s   c a u s e d   a  p r o b l e m   when  i t   is   a c t u a l l y  

a d o p t e d   in   an  i n d u s t r i a l   s c a l e .  

F u r t h e r m o r e ,   i t   has   l a t e l y   b e e n   r e p o r t e d   t h a t  

t h e   c o r r o s i o n   r e s i s t a n c e   is   i m p r o v e d   by  s u b j e c t i n g  

s t a i n l e s s   s t e e l   s h e e t   a f t e r   t h e   e l e c t r o l y s i s   w i t h   n i t r i c  

a c i d   to   S i02   or   Si3N4  c o a t i n g   t h r o u g h   p l a s m a   CVD 

( H a s h i m o t o   e t   a l i   CAMP  -  I S I J .   V o l .   1  ( 1 9 8 8 ) ,   P426  a n d  

J a p a n e s e   P a t e n t   l a i d   open   No,  6 3 - 6 2 8 6 0 ) .   In  t h i s  

m e t h o d ,   h o w e v e r ,   i o n   b o m b a r d m e n t   t r e a t m e n t   i s   u s u a l l y  

c o n d u c t e d   b e f o r e   t h e   d r y   p l a t i n g   t r e a t m e n t ,   so  t h a t   t h e  

e l e c t r o l y t i c   e f f e c t   on  t h e   s u r f a c e   of  t h e   s t e e l   s h e e t   i s  

d i s a p p e a r e d   t o   f o r m   a  p a s s i v a t i v e   f i l m   on  t he   s u r f a c e   o f  

t h e   s t a i n l e s s   s t e e l   s h e e t ,   and  c o n s e q u e n t l y   t h e   a d h e s i o n  

p r o p e r t y   b e t w e e n   s t e e l   s h e e t   and  c e r a m i c   c o a t i n g   i s  
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e t e r i o r a t e d   ana   t h e r e   a r e   r e m a i n e d   many  p t o a i e m a   tw  « c  

o l v e d   when  i t   i s   a d o p t e d   in   t h e   a c t u a l   p r o d u c t i o n   s t e p .  

In  J a p a n e s e   P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n  

o.  5 5 - 3 3 5 9 5 /   i t   h a s   b e e n   a t t e m p t e d   to   a d h e r e   a  

u b s t a n c e   h a v i n g   a  good   f a r - i n f r a r e d   r a y   r a d i o a c t i v i t y  

uch   as  T i 0 2 ,   Z r 0 2 ,   A1203  or  t h e   l i k e   o n t o   a  s u r f a c e   o f  

l e t a l   s h e a t h   t y p e   h e a t i n g   e l e m e n t   as  a  f a r - i n f r a r e d   r a y  

t e a t i n g   e l e m e n t   s u i t a b l e   f o r   u se   in   a  h e a t   s o u r c e   f o r  

t e a t i n g   or  d r y i n g ,   a  r e f l e c t i v e   p l a t e   f o r   a  s t o v e   a n d  

:he  l i k e .   In  t h i s   m e t h o d ,   h o w e v e r ,   t h e   d i f f e r e n c e   i n  

; h e r m a l   e x p a n s i o n   c o e f f i c i e n t   b e t w e e n   h e a t i n g   e l e m e n t  

ind  c e r a m i c   c o a t i n g   is   l a r g e ,   so  t h a t   t h e   c e r a m i c   as  a  

s u r f a c e   l a y e r   i s   a p t   to  be  p e e l e d   o f f .  

As  a  m e a n s   f o r   s o l v i n g   t h i s   p r o b l e m ,   t h e r e   i s  

p r o p o s e d   a  m e t h o d   w h e r e i n   a  c e r a m i c   h e a t i n g   e l e m e n t  

c o n s i s t i n g   m a i n l y   of  c o n d u c t i v e   c e r a m i c   s u c h   as  T i c ,  

UiN,  T i C - T i N - A l 2 0 3   or  t h e   l i k e   i s   u s e d   i n s t e a d   of  t h e  

m e t a l   s h e a t h   t y p e   h e a t i n g   e l e m e n t   and  t h e   a f o r e m e n t i o n e d  

f a r - i n f r a r e d   r a y   r e f l e c t i o n   t y p e   c e r a m i c   l a y e r   s u c h   a s  

T iO ,   or  t h e   l i k e   i s   f o r m e d   on  t h e   s u r f a c e   t h e r e o f   a s  

d i s c l o s e d   in   J a p a n e s e   P a t e n t   l a i d   open   No.  6 0 - 6 0 9 9 0   a n d  

No.  6 0 - 1 3 0 0 8 2 .   in   t h i s   c a s e ,   h o w e v e r ,   t h e   c o a t i n g  

m e t h o d   i s   s p r a y i n g ,   i m m e r s i o n   or  h e a t   t r e a t m e n t ,   so  t h a t  

i t   can   n o t   be  s a i d   to  be  a  b a s i c a l   c o u n t e r m e a s u r e .  

DISCLOSURE  OP  INVENTION 

The  i n v e n t i o n   a d v a n t a g e o u s l y   s o l v e s   t h e   a b o v e  
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p r o b l e m s   and  i s   to   p r o v i d e   a  m e t h o d   of  a d v a n t a g e o u s l y  

f o r m i n g   a  d e n s e   c e r a m i c   c o a t i n g   h a v i n g   e x c e l l e n t  

a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s   and  c o r r o s i o n   r e s i s t a n c e  

when  t h e   c e r a m i c   c o a t i n g   i s   f o r m e d   on  low  c a r b o n   s t e e l  

s h e e t ,   s t a i n l e s s   s t e e l   s h e e t   or  t h e   l i k e .  

The  i n v e n t o r s   have   made  s t u d i e s   in  o r d e r   t o  

s o l v e   t h e   a b o v e   p r o b l e m s ,   and  as  a  r e s u l t   i t   has   b e e n  

f o u n d   o u t   t h a t   a  f o c u s i n g   c o i l   f o r   g u i d i n g   a n  

e v a p o r a t i o n   s u b s t a n c e   i n t o   a  s u b s t r a t e ,   w h i c h   h a s  

h i t h e r t o   b e e n   a r r a n g e d   o n l y   in  t h e   v i c i n i t y   of  a n  

e v a p o r a t i o n   s o u r c e ,   i s   e x t e n d e d   n e a r   to  t he   s u b s t r a t e   t o  

u t i l i z e   an  i n s i d e   of  s u c h   an  e l o n g a t e d   f o c u s i n g   c o i l   a s  

a  p a s s a g e   f o r '   m o v i n g   t h e   e v a p o r a t i o n   s u b s t a n c e   and  i o n  

p l a t i n g   i s   c a r r i e d   o u t   u n d e r   c o n d i t i o n   t h a t   a  p o w e r  

a p p l i e d   to  HCD  beam  and  f o c u s i n g   c o i l   s a t i s f i e s   a  g i v e n  

r a n g e ,   w h e r e b y   a  v e r y   d e n s e   c e r a m i c   c o a t i n g   i s   o b t a i n e d  

and   h e n c e   t h e   a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s   a n d  

c o r r o s i o n   r e s i s t a n c e   a r e   c o n s i d e r a b l y   i m p r o v e d .  

The  i n v e n t i o n   i s   b a s e d   on  t h e   a b o v e   k n o w l e d g e .  

T h a t   i s ,   t h e   i n v e n t i o n   l i e s   in  a  s t e e l   s h e e t  

p r o v i d e d   w i t h   a  d e n s e   c e r a m i c   c o a t i n g   h a v i n g   i m p r o v e d  

a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s   and  c o r r o s i o n   r e s i s t a n c e ,  

c o m p r i s i n g   an  u n d e r g r o u n d   c o a t i n g   f o r m e d   on  a  s u r f a c e   o f  

a  low  c a r b o n   s t e e l   s h e e t   or  a  s t a i n l e s s   s t e e l   s h e e t   a n d  

made  f r o m   a t   l e a s t   one  of  m e t a l s   and  s e m i m e t a l s ,   and  a  

c e r a m i c   c o a t i n g   of  a t   l e a s t   one  l a y e r   f o r m e d   on  s a i d  
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. n d e r g r o u n d   c o a t i n g ;   s a i d   c e r a m i c   c o a t i n g   n a v i n g   a  

i u r f a c e   r o u g h n e s s   Ra  of  n o t   more   t h a n   0 .4   um  and  a  p o r e  

lumber   p e r   1  cm2  of  n o t   more   t h a n   1 ,  

F u r t h e r m o r e ,   t h e   i n v e n t i o n   l i e s   in  a  m e t h o d   o f  

> r o d u c i n g   s t e e l   s h e e t s   p r o v i d e d   w i t h   a  d e n s e   c e r a m i c  

: o a t i n g   h a v i n g   i m p r o v e d   a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s  

md  c o r r o s i o n   r e s i s t a n c e   by  f o r m i n g   a  c e r a m i c   c o a t i n g  

j n t o   a  s u r f a c e   of  low  c a r b o n   s t e e l   s h e e t   or  s t a i n l e s s  

s t e e l   s h e e t   t h r o u g h   an  i on   p l a t i n g   t r e a t m e n t   w i t h   HCD 

r t a t h o d ,   w h i c h   c o m p r i s e s   f o r m i n g   a  m e t a l   - s e m i m e t a l  

= o a t i n g   made  f r o m   a t   l e a s t   one  of  m e t a l s   and  s e m i m e t a l s  

as  a  f i r s t   l a y e r   o n t o   s a i d   s u r f a c e   of  s a i d   s t e e l   s h e e t  

and  f o r m i n g   a  c e r a m i c   c o a t i n g   as  a  s e c o n d   l a y e r   on  s a i d  

c o a t i n g   u n d e r   t h e   f o l l o w i n g   c o n d i t i o n s   u s i n g   as  a  m o v i n g  

p a s s a g e   of  an  e v a p o r a t i o n   s u b s t a n c e   an  i n s i d e   of  a  

f o c u s i n g   c o i l   a r r a n g e d   so  as  to  s u r r o u n d   an  o u t e r  

p e r i p h e r y   of  a  c r u c i b l e   and  e x t e n d   n e a r   to  s a i d   s u r f a c e  

of   s a i d   s t e e l   s h e e t .  

A c c o u n t  

30  S  H  £  1 6 0  

Q . 2 + 0 . 0 3 H   £  F  £  5 . 5 + 0 . 0 7 5 H  

( w h e r e i n   H:  a  m a k i n g   p o w e r   (kW)  of  HCD  b e a m  

Fs  a  m a k i n g   power   (kW)  of  f o c u s i n g   c o i l )  

In  t h e   i n v e n t i o n ,   i t   i s   a d v a n t a g e o u s   t h a t   p r i o r  

to   t h e   f o r m a t i o n   of  t h e   m e t a l *   s e m i m e t a l   c o a t i n g   as  a  

f i r s t   l a y e r ,   t h e   s t e e l   s h e e t   s u r f a c e   i s   s u b j e c t e d   to   a  
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p o l i s h i n g   t r e a t m e n t   so  as  to   h a v e   R a S 0 . 4   urn,  or  t h e  

s t e e l   s h e e t   i s   p r e l i m i n a r i l y   h e a t e d   a t   1 0 0 - 6 0 0 ° C ,   o r  

f u r t h e r   t h e   s t e e l   ' s h e e t   s u r f a c e   i s   s u b j e c t e d   to   Cr  or  N i  

p l a t i n g   t h r o u g h   a  wet  p l a t i n g .  

F u r t h e r m o r e /   in  t h e   i n v e n t i o n ,   a  c e r a m i c   c o a t i n g  

can   r e p e a t e d l y   be  f o r m e d   on  t h e   c e r a m i c   c o a t i n g   as  a  

s e c o n d   l a y e r   t h r o u g h   t h e   p r e s e n c e   or  a b s e n c e   of  t h e  

m e t a l   * s e m i m e t a l   c o a t i n g ,   i f   n e c e s s a r y .  

M o r e o v e r ,   in   t he   i n v e n t i o n ,   i t   i s   a d v a n t a g e o u s  

t h a t   an  a n n e a l i n g   t r e a t m e n t   i s   c a r r i e d   ou t   a t   5 0 0 - 1 2 0 0   °C 

in   an  o x i d i z i n g   a t m o s p h e r e   a f t e r   t h e   f o r m a t i o n   of  t h e  

c e r a m i c   c o a t i n g   as  a  f i n a l   l a y e r .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   a t   l e a s t   one  l a y e r  

s e l e c t e d   f r o m   n i t r i d e s ,   c a r b i d e s   and  c a r b o n i t r i d e s   o f  

T i ,   Zr ,   Hf ,   V,  Nb,  Ta,   Cr ,   Mo,  W,  Mn,  Co,  Ni ,   A l ,   B  a n d  

Si  and   o x i d e s   of  Al ,   Sn,  Mn,  Mg,  T i ,   Cr ,   B,  Ni  and  Si  i s  

p a r t i c u l a r l y   a d v a n t a g e o u s l y   a d a p t e d   as  t h e   c e r a m i c  

c o a t i n g .  

T h u s ,   when  t h e   i on   p l a t i n g   i s   c a r r i e d   o u t  

a c c o r d i n g   to   t h e   i n v e n t i o n ,   s t e e l   s h e e t s   p r o v i d e d   w i t h   a  

v e r y   d e n s e   c e r a m i c   c o a t i n g   h a v i n g   n o t   o n l y   a d h e s i o n  

p r o p e r t y   and   c o r r o s i o n   r e s i s t a n c e   b u t   a l s o   e x c e l l e n t  

s m o o t h n e s s   of   R a S O . 4   urn  and  f u r t h e r   p o r e   number   p e r  

1  c m 2 £ l   a r e   o b t a i n e d .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   in  d e t a i l   b e l o w .  

At  f i r s t ,   t h e   i n v e n t i o n   i s   d e s c r i b e d   w i t h  
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r e n t   i o n .  

A  h o t   r o l l e d   s h e e t   ( t h i c k n e s s   2 .2   mm,  w i d t h  

0  mm)  of  a  low  c a r b o n   s t e e l   c o n t a i n i n g   C:  0 . 0 4 4   wt% 

e r e i n a f t e r   shown  by  %  s i m p l y ) .   Mn:  0 . 3 0 % ,   P:  0 . 0 0 8 %  

d  S;  0 .012%  was  c o l d   r o l l e d   to   a  t h i c k n e s s   of  0 .3   mm, 

;d  t h e n   s u b j e c t e d   to   a  r e c r y s t a l l i z a t i o n   a n n e a l i n g   a t  

i0«C,  and  t h e r e a f t e r   t h e   s t e e l   s h e e t   s u r f a c e   w a s  

• g r e a s e d   and  a  TiN  c o a t i n g   was  f o r m e d   on  t h e   s t e e l  

xee t   s u r f a c e   by  t h e   f o l l o w i n g   m e t h o d s   ® ,   <2>,  (3),  © r   d> 

id  ® .  

A c c o u n t  

)  The  c o a t i n g   f o r m a t i o n   was  c a r r i e d   o u t   by  a  s o - c a l l e d  

B+RF  m e t h o d   w h e r e i n   Ti  was  e v a p o r a t e d   by  e l e c t r o n   b e a m  

c a n n i n g   and  i o n i z e d   w i t h   RF  ( R a d i o   F r e q u e n c y )   c o i l   t o  

orm  TiN  c o a t i n g   ( 1 . 0   urn  t h i c k n e s s ) .   M o r e o v e r ,   t h e  

s e a t i n g   c o n d i t i o n   was  a  v a c u u m   d e g r e e   of  6 x l 0 - 4   T o r r ,  

tnd  t h e   SB  ( p i e r c e   t y p e )   i r r a d i a t i n g   c o n d i t i o n s   w e r e  

a c c e l e r a t i o n   v o l t a g e - .   SO  kV,  c u r r e n t :   5  mA  and  RF  p o w e r  

3f  800  W.  F u r t h e r m o r e ,   t h e   p r e l i m i n a r y   h e a t i n g  

t e m p e r a t u r e   was  400*C  and  t h e   a p p l i e d   v o l t a g e   was  800  V .  

3)  The  c o a t i n g   f o r m a t i o n   was  c a r r i e d   o u t   by  EB+RF 

m e t h o d   w h e r e i n   Ti  c o a t i n g   ( 0 . 5   urn  t h i c k n e s s )   was  f o r m e d  

on  t h e   s t e e l   s h e e t   s u r f a c e   by  e l e c t r o n   beam  s c a n n i n g   a n d  

Ti  was  e v a p o r a t e d   and  i o n i z e d   by  RF  c o i l   to   f o r m   a  T i N  

c e r a m i c   c o a t i n g   ( 0 . 5   P   t h i c k n e s s ) .   M o r e o v e r ,   t h e  
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t r e a t i n g   c o n d i t i o n   of  Ti  c o a t i n g   as  a  f i r s t   l a y e r   was  a  

v a c u u m   d e g r e e   of   2 x l 0 " 4   T o r r ,   and  t h e   EB  ( p i e r c e   t y p e )  

i r r a d i a t i n g   c o n d i t i o n s   we re   a c c e l e r a t i o n   v o l t a g e s   60  kV 

and   c u r r e n t :   5  mA.  In  t h e   f o r m a t i o n   of  TiN  c o a t i n g   as   a  

s e c o n d   l a y e r ,   p o w e r   of  RF  f o r   i o n i z a t i o n   of  N2  gas   w a s  

800  W  in  t h e   same  EB  c o n d i t i o n s .   The  vacuum  d e g r e e   i n  

t h e   f o r m a t i o n   of  TiN  c o a t i n g   was  7x l0~4   T o r r ,   and  t h e  

p r e l i m i n a r y   h e a t i n g   and  a p p l i e d   v o l t a g e   were   t he   same  a s  

in   t h e   c o n d i t i o n s   of  Q ,  

(D  A  TiN  c o a t i n g   of  1  urn  in  t h i c k n e s s   was  f o r m e d   o n t o  

t h e   s t e e l   s h e e t   s u r f a c e   fay  u s i n g   an  i on   p l a t i n g  

a p p a r a t u s   of  HCD  s y s t e m   shown  in  F i g .   1 .  

In  t h i s   d r a w i n g ,   13  i s   a  s u b s t r a t e ,   14  an  i n l e t  

of   r e a c t i o n   g a s ,   15  a  c r u c i b l e ,   16  an  e v a p o r a t i o n   s o u r c e  

( T i ) ,   17  a  d i s c h a r g e   p o r t   f o r   h i g h   vacuum  s u c t i o n ,   18  a  

v a c u u m   t a n k ,   and   19  an  HCD-  g u n .  

The  HCD  gun  i s   a  c o m b i n a t i o n   of  an  o u t e r   l a y e r  

1 9 - 1   made  f r o m   g r a p h i t e   and  an  i n n e r   l a y e r   19-2   m a d e  

f r o m   Ta  in   t h i s   e m b o d i m e n t ,   w h e r e i n   t h e   o u t e r   and  i n n e r  

l a y e r s   a r e   s e p a r a t e d   f rom  e a c h   o t h e r   a t   a  c e r t a i n   s p a c e .  

F u r t h e r m o r e ,   in   o r d e r   to   p r e v e n t   d i s c h a r g e   b e t w e e n  

l a y e r s ,   c u r r e n t   can   be  f l o w e d   f r o m   t h e   i n n e r   l a y e r   1 9 - 2  

to   t h e   e v a p o r a t i o n   s o u r c e   i n s i d e   t h e   c r u c i b l e   15  t h o u g h  

t h e   i l l u s t r a t i o n   i s   o m i t t e d .   T h u s ,   t h e   a b n o r m a l  

d i s c h a r g e   of  t h e   HCD  gun  b e c o m e s   l e s s   and  t h e   l o n g   l i f e  

of  HCD  gun  i s   a t t a i n e d .  
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> n s t a n t   d i s t a n c e   to  t h e   c r u c i b l e   15  by  means   of  a  f e e d  

. o n a n i s m   1 9 - 3 ,   w h e r e b y   t h e   s u p p l y   of  s t a b l e   p l a s m a   b e a m  

m  be  e n s u r e d   o v e r   a  l o n g   p e r i o d   of   t i m e .   M o r e o v e r ,  

?„4  i s   a  p o w e r   s o u r c e   f o r   HCD  gun  and   19 -5   i s   an  i n l e t  

sr  Ar  g a s .  

F u r t h e r ,   20  i s   a  f o c u s i n g   c o i l   a r r a n g e d   a r o u n d  

he  HCD  gun  19  .  The  g e n e r a t e d   p l a s m a   i s   f o c u s e d   i n t o   a  

i n e   p l a s m a   beam  21  by  t h e   f o c u s i n g   c o i l   20.  T h e n ,   t h e  

o c u s e d   f i n e   p l a s m a   beam  21  i s   d e f l e c t e d   so  as  to  b e n d  

n  a  d i r e c t i o n   p e r p e n d i c u l a r   to  t h e   s u r f a c e   of  t h e  

e v a p o r a t i o n   s o u r c e   as  shown  by  d o t t e d   l i n e s   in  t h e  

[ r a w i n g   by  means   of  a  f o c u s i n g   c o i l   22  a r r a n g e d   a r o u n d  

:he  c r u c i b l e   15  a c t i n g   to   c h a n g e   t h e   m a g n e t i c   f i e l d   f r o m  

ip  d i r e c t i o n   to   down  d i r e c t i o n   and   i r r a d i a t e d   t h e  

s v a p o r a t i o n   s o u r c e .   By  t h e   i r r a d i a t i o n   of  t h e  

p e r p e n d i c u l a r l y   b e n t   p l a s m a   beam,   t h e   e v a p o r a t i o n   s o u r c e  

Ls  e v a p o r a t e d   j u s t   a b o v e ,   w h e r e b y   t h e   u n i f o r m   d e p o s i t i o n  

3f  t h e   e v a p o r a t e d   s u b s t a n c e   to   t h e   s u b s t r a t e   can  b e  

a c h i e v e d .  

In  t h i s   c a s e ,   t h e   f o c u s i n g   c o i l   22  e x t e n d s   c l o s e  

t o   t h e   i n l e t   p a s s a g e   of  r e a c t i o n   gas   and  up  to  t h e  

v i c i n i t y   of  t h e   s u b s t r a t e ,   w h e r e b y   t h e   i n s i d e   of  t h e  

p a s s a g e   i s   m a i n t a i n e d   a t   a  v e r y   g o o d   p l a s m a   s t a t e ,   s o  

t h a t   t h e   e v a p o r a t e d   s u b s t a n c e   d i s s o l v e d   and  i o n i z e d   b y  

t h e   HCD  beam  g o e s   s t r a i g h t   on  t h e   s u b s t r a t e   13  and  h e n c e  
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t h e   d e p o s i t i o n   e f f i c i e n c y   i s   c o n s i d e r a b l y   e n h a n c e d *  

F u r t h e r ,   23  i s   a  v o l t a g e   a p p l i e d   d e v i c e   f o r   r e a c t i o n  

g a s ,   w h i c h   i s   p r o v i d e d   w i t h   a  c o o l i n g   t u b e   24  and  a n  

i n l e t   t u b e   25  made  f r o m   Ta.  'The   i o n i z a t i o n   of  t h e  

r e a c t i o n   gas   can   be  p r o m o t e d   by  a p p l y i n g   a  v o l t a g e   t o  

t h e   i n l e t   t u b e   2 5 .  

M o r e o v e r ,   t h e   i on   p l a t i n g   c o n d i t i o n s   t h r o u g h   HCD 

m e t h o d   u s i n g   t h e   a p p a r a t u s   of  t h e   d r a w i n g   w e r e  

a c c e l e r a t i o n   v o l t a g e   of  75  V,  c u r r e n t   of  1000  A  a n d  

v a c u u m   d e g r e e   of   7 . 5 x 1 0 " *   T o r r .   In  a d d i t i o n ,   t h e  

p r e l i m i n a r y   h e a t i n g   t e m p e r a t u r e   was  400°C  and  t h e  

a p p l i e d   v o l t a g e   was  60  V.  

(D  A f t e r   Ti  c o a t i n g   of  0 .5   urn  in  t h i c k n e s s   w a s  

d e p o s i t e d   o n t o   t h e   s t e e l   s h e e t   s u r f a c e   w i t h   t he   i o n  

p l a t i n g   a p p a r a t u s   shown  in  F i g .   1,  TiN  c e r a m i c   c o a t i n g  

( 0 . 5   urn  t h i c k n e s s )   was  f u r t h e r   f o r m e d   t h e r e o n .  

M o r e o v e r ,   t h e   c o a t i n g   f o r m a t i o n   c o n d i t i o n s   were   t h e   s a m e  

as  in  t h e   a b o v e   i t e m   <D. 

(D  TiN  c o a t i n g   of  1  urn  was  f o r m e d   by  i on   p l a t i n g  

t r e a t m e n t   t h r o u g h   t h e   c o n v e n t i o n a l   HCD  m e t h o d   u s i n g   a n  

i on   p l a t i n g   a p p a r a t u s   shown  in  F i g .   2.  In  t h i s   c a s e ,  

t h e   t r e a t i n g   c o n d i t i o n s   we re   a c c e l e r a t i o n   v o l t a g e   o f  

70  V,  c u r r e n t   of   1000  A  and  v a c u u m   d e g r e e   o f  

7 x l 0 " 4   T o r r .   The  p r e l i m i n a r y   h e a t i n g   t e m p e r a t u r e   w a s  

400°C  and  t h e   a p p l i e d   v o l t a g e   was  60  V .  

In  t h i s   d r a w i n g ,   26  i s   a  s u b s t r a t e ,   27  a  t u b e  
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Dr  r e a c t i o n   g a s ,   zs  a  c r u c i u x e ,   an  e v a p u i o t i u u  

Durce   ( T i ) ,   30  a  u s u a l   L - s h a p e d   HCD  g u n ,   and  31  a  

D o u s i n g   c o i l *  

)  A f t e r   Ti  c o a t i n g   of  0 .5   urn  in   t h i c k n e s s   was  f o r m e d  

y  u s i n g   t h e   i o n   p l a t i n g   a p p a r a t u s   shown  in  F i g .   2,  T i N  

o a t i n g   of  0 .5   urn  in  t h i c k n e s s   was  f u r t h e r   f o r m e d  

h e r e o n .   M o r e o v e r ,   t h e   t r e a t i n g   c o n d i t i o n s   were   t h e  

ame  as  in   t h e   i t e m   d ) .  

The  u n i f o r m i t y ,   c o r r o s i o n   r e s i s t a n c e ,   a d h e s i o n  

> r o p e r t y ,   s m o o t h n e s s   and  d e n s i f y i n g   d e g r e e   ( p o r o s i t y )   o f  

;he  c o a t i n g s   o b t a i n e d   by  t h e   a b o v e   t r e a t m e n t s   w e r e  

m e a s u r e d   to   o b t a i n   r e s u l t s   as  shown  in   T a b l e   1 .  
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As  s e e n   f r o m   t h e   a o o v e   t a o x e ,   wnen  t n e   x i  

o a t i n g   i s   f o r m e d   a c c o r d i n g   to  t h e   m e t h o d   of  t h e  

n v e n t i o n   in   <D  and  f u r t h e r   t h e   TiN  c o a t i n g   i s   f o r m e d  

h e r e o n ,   a l l   of  t h e   e v a p o r a t i o n   r a t e ,   u n i f o r m i t y   o f  

m a t i n g ,   c o r r o s i o n   r e s i s t a n c e ,   a d h e s i o n   p r o p e r t y ,  

. m o o t h n e s s   and  d e n s i f y i n g   d e g r e e   a r e   e x c e l l e n t   a s  

compared   w i t h   t h e   o t h e r s   (£>,  d ) ,   <D,  ®  and   ( D .  

' a r t i c u l a r l y ,   i t   i s   n o t i c e d   t h a t   t h e   c o r r o s i o n  

r e s i s t a n c e   and   a d h e s i o n   p r o p e r t y   a r e   e x c e l l e n t   in   t h e  

: a s e   of   f o r m i n g   t h e   TiN  c o a t i n g   on  t h e   Ti  c o a t i n g   l a y e r  

iS  c o m p a r e d   w i t h   t h e   c a s e   <D  of  d i r e c t l y   f o r m i n g   TiN  o n  

:he  s t e e l   s h e e t   s u r f a c e .  

As  to  t h e   i n v e n t i o n   m e t h o d   (D,  t h e   f o r m a t i o n  

s t a t e   of  t h e   c e r a m i c   c o a t i n g   was  f u r t h e r   m i n u t e l y  

I n v e s t i g a t e d   by  u s i n g   an  e l e c t r o n   m i c r o s c o p e ,   and  as  a  

r e s u l t   i t   ha s   b e e n   f o u n d   t h a t   t h e   f o r m a t i o n   s t a t e   of  t h e  

c o a t i n g   l a r g e l y   c h a n g e s   in  a c c o r d a n c e   w i t h   t h e  

c o n d i t i o n s   of  f o r m i n g   t h e   h i g h   p l a s m a   a t m o s p h e r e   or  t h e  

d i f f e r e n c e   of  m a k i n g   p o w e r   f o r   t h e   f o c u s i n g   c o i l   l o c a t e d  

on  t h e   p a s s a g e   of  m o v i n g   e v a p o r a t e d   s u b s t a n c e .  

In   F i g .   3  a r e   shown  r e s u l t s   m e a s u r e d   on  a  

r e l a t i o n s h i p   b e t w e e n   m a k i n g   p o w e r   f o r   f o c u s i n g   c o i l   a n d  

m a k i n g   p o w e r   f o r   HCD  beam  in  o r d e r   to   o b t a i n   a  s m o o t h  

c e r a m i c   c o a t i n g .  

As  s e e n   f r o m   t h i s   d r a w i n g ,   in   o r d e r   to   o b t a i n  

t h e   s m o o t h   c e r a m i c   c o a t i n g ,   t h e   m a k i n g   p o w e r s   f o r  
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f o c u s i n g   c o i l   and   HCD  beam  a r e   e x i s t e n t   w i t h i n   p r o p e r  

r a n g e s ,   r e s p e c t i v e l y ,   and  i t   i s   n e c e s s a r y   to  a d j u s t   t h e  

m a k i n g   p o w e r   f o r   f o c u s i n g   c o i l   in   a c c o r d a n c e   w i t h   t h e  

m a k i n g   p o w e r   f o r   HCD  beam.   T h a t   i s ,   i t   has   b e e n   f o u n d  

t h a t   t h e   f o l l o w i n g   c o n d i t i o n s   s h o u l d   be  s a t i s f i e d :  

30  £  H  ^  1 6 0  

0 . 2 + 0 . 0 3 H   £  P  £  5 . 5 + 0 . 0 7 5 E  

,  w h e r e   E:  m a k i n g   p o w e r   f o r   HCD  beam  (kW) 

Ft  m a k i n g   p o w e r   f o r   f o c u s i n g   c o i l   (kW)  . 

T h i s   i s   c o n s i d e r e d   as  f o l l o w s :  

T h a t   i s ,   t h e   good   c e r a m i c   c o a t i n g   is   o b t a i n e d  

o n l y   by  m a k i n g   an  o p t i m u m   p l a s m a   a t m o s p h e r e .   I f   t h e  

m a k i n g   p o w e r   f o r   f o c u s i n g   c o i l   i s   t o o   s m a l l ,   t he   h i g h  

p l a s m a   a t m o s p h e r e   can  n o t   be  g e n e r a t e d ,   so  t h a t   t h e  

c o a t i n g   b e c o m e s   u n e v e n   and  r o u g h ,   w h i l e   i f   t he   m a k i n g  

p o w e r   f o r   f o c u s i n g   c o i l   i s   t o o   l a r g e ,   t h e   m a g n e t i c   f i e l d  

b e c o m e s   e x t r e m e l y   s t r o n g   o n l y   a t   t h e   c e n t r a l   p o r t i o n   s o  

as  n o t   to   g e n e r a t e   a  f a v o r a b l e   p l a s m a   a t m o s p h e r e .  

In  any   c a s e ,   t h e   s m o o t h   c e r a m i c   c o a t i n g   can  no t   b e  

o b t a i n e d .   T h e r e f o r e ,   in   o r d e r   to   o b t a i n   t h e   s m o o t h  

c e r a m i c   c o a t i n g ,   i t   i s   i m p o r t a n t   to  s a t i s f y   t h e   a b o v e  

r a n g e s .   M o r e o v e r ,   t h e   r e a s o n   why  t h e   m a k i n g   p o w e r   H  f o r  

HCD  beam  in  t h e   a b o v e   e q u a t i o n   i s   l i m i t e d   to  t h e   a b o v e  

r a n g e   i s   as  f o l l o w s .   T h a t   i s ,   when  t h e   m a k i n g   p o w e r   f o r  

HCD  beam  i s   l e s s   t h a n   30  kW,  t h e   i o n i z a t i o n   e n e r g y   t o  

t h e   e v a p o r a t e d   a m o u n t   b e c o m e s   l a c k i n g   and  t h e   g o o d  
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l a s m a   a t m o s p h e r e   can   ncc   oe  t o i m e a r   w n i x e   w«cu  ^  

x c e e d s   160  kW,  t h e   beam  i s   s c a t t e r e d   by  t h e   e v a p o r a t e d  

u b s t a n c e   and  t h e   e v a p o r a t i o n   e n e r g y   i s   d e g r a d e d .  

As  to   s u c h   an  i m p r o v e m e n t   of  t h e   a d h e s i o n  

r o p e r t y ,   c o r r o s i o n   r e s i s t a n c e   and  f u r t h e r   s m o o t h n e s s ,  

t  has   b e e n   f o u n d   t h a t   t h e   c o r r o s i o n   r e s i s t a n c e ,  

. d h e s i o n   p r o p e r t y   and  f u r t h e r   s m o o t h n e s s   can   l a r g e l y   b e  

. m p r o v e d   by  f o r m i n g   o n t o   t h e   s t e e l   s h e e t   s u r f a c e   a  m e t a l  

Jr  s e m i m e t a l   c o a t i n g   as  a  f i r s t   l a y e r   and  a  c e r a m i c  

: o a t i n g   as  a  s e c o n d   l a y e r   u n d e r   p a r t i c u l a r   t r e a t i n g  

c o n d i t i o n s   l i k e w i s e   a  c a s e   t h a t   when  d i f f e r e n t   m e t a l s  

sre  d ry   p l a t e d   to   f o r m   t w o - l a y e r   c o a t i n g s   u n d e r   a  s u p e r  

/ acuura   of  n o t   more   t h a n   l x l O " ?   T o r r ,   w h i c h   i s   r e a l l y  

I m p o s s i b l e   in   i n d u s t r i a l   s c a l e   on  t h e   s u r f a c e - t r e a t e d  

s t e e l   s h e e t ,   t h e   c o n s i d e r a b l e   i m p r o v e m e n t   of  c o r r o s i o n  

r e s i s t a n c e   i s   r e c o g n i z e d   as  c o m p a r e d   w i t h   t h a t   of  t h e  

s i n g l e   l a y e r   c o a t i n g   as  m e n t i o n e d   a b o v e .   T h e r e f o r e ,   t h e  

i n v e n t i o n   i s   v e r y   u s e f u l   in   t h e   p r o d u c t i o n   o f  

p r a c t i c a l l y   u s e d   c e r a m i c   c o a t e d   s t e e l   s h e e t s ,  

in   t h i s   c o n n e c t i o n ,   i t   h a s   h i t h e r t o   b e e n   k n o w n  

to   f o r m   c e r a m i c   c o a t i n g   of   TiN,   CrN  or  t h e   l i k e   as  1 - 2  

l a y e r   by  u s i n g   t h e   s p r a y i n g   m e t h o d .   H o w e v e r ,   t h e   n u m b e r  

of   p o r e s   i s   l a r g e   in   t h e   c e r a m i c   c o a t i n g   t h r o u g h   t h e  

s p r a y i n g   m e t h o d   as  c o m p a r e d   w i t h   t h e   c o a t i n g   f o r m e d  

u n d e r   v a c u u m ,   and  a l s o   t h e   s m o o t h n e s s   i s   v e r y   poor- ,   s o  

t h a t   t h e   c o a t i n g   h a v i n g   a  r i c h   s m o o t h n e s s   of  no t   m o r e  
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t h a n   0 , 4   p   as  a  c e n t e r - l i n e   a v e r a g e   r o u g h n e s s   can   n o t  

be  o b t a i n e d   a t   a l l .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   in   o r d e r   to   i m p r o v e  

t h e   a d h e s i o n   p r o p e r t y   b e t w e e n   s t e e l   s h e e t   and  c e r a m i c  

c o a t i n g   in   a d d i t i o n   to   t h e   i m p r o v e m e n t   of  c o r r o s i o n  

r e s i s t a n c e   t h r o u g h   t h e   f o r m a t i o n   of  m e t a l - c e r a m i c  

c o a t i n g ,   i t   i s   d e s i r a b l e   t h a t   t h e   p r e l i m i n a r y   h e a t i n g  

t e m p e r a t u r e   i s   r a i s e d   to  1 0 0 - 6 0 0 ° C   and  t h e   a p p l i e d  

v o l t a g e   i s   u s e d   w i t h i n   a  r a n g e   of  1 0 - 2 0 0   V.  

T h e n ,   a  h o t   r o l l e d   s h e e t   of  s t a i n l e s s   s t e e l -  

c o n t a i n i n g   C:  0 . 0 1 5 % ,   Mn!  0 . 3 5 % ,   Cr;   18.8%  and  S i ;   0 . 1 3 %  

( 2 . 3   mm  t h i c k n e s s )   was  s u b j e c t e d   to  c o l d   r o l l i n g   -  h e a t  

t r e a t m e n t   to  a  t h i c k n e s s   of  0 . 2 5   mm,  and  (A)  Cr  o f  

2 .0   urn  in   t h i c k n e s s   or  (B)  Cr  of  1 . 0   urn  in  t h i c k n e s s   w a s  

f o r m e d   o n t o   t h e   s t e e l   s h e e t   s u r f a c e   by  wet  p l a t i n g .  

As  to   (B) ,   t h e   Cr  c o a t i n g   was  f u r t h e r   s u b j e c t e d   to  a  d r y  

p l a t i n g   shown  by  (a)  -  (d)  . 

(a)   TiN  was  f o r m e d   a t   a  t h i c k n e s s   of  1 .0   urn  b y  

E B + R F ;  

(b)  TiN  was  f o r m e d   a t   a  t h i c k n e s s   of  1 .0   um  by  t h e  

m e t h o d   of  F i g .   1 ;  

(c)   Ti  { 0 . 5   um  t h i c k n e s s )   was  f o r m e d   by  t h e   m e t h o d  

of  F i g .   1  and   TiN  ( 0 . 5   um  t h i c k n e s s )   was  f u r t h e r   f o r m e d  

t h e r e o n ;  

(d)  Ti  ( 0 . 5   um  t h i c k n e s s )   was  f o r m e d   by  t h e   m e t h o d  

of  F i g .   2  and   TiN  ( 0 . 5   um  t h i c k n e s s )   was  f u r t h e r   f o r m e d  



r  U  363  6B/r  Al 

h e r e o n .  

The  e v a p o r a t i o n   r a t e ,   u n i f o r m i t y ,   c o r r o s i o n  

■ e s i s t a n c e ,   a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s   and   d e n s i f y i n g  

l e g r e e   of  t h e   t h u s   o b t a i n e d   c e r a m i c   c o a t i n g s   w e r e  

t e a s u r e d   to  o b t a i n   r e s u l t s   as  shown  in   T a b l e   2 .  
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As  s e e n   r rou i   T a a i e    ̂ ,  wucu  nit?  wa,  *<? 

armed  by  t h e   wet   p l a t i n g   and   t h e   TiN  c o a t i n g   i s   f u r t h e r  

a rmed   t h e r e o n   a c c o r d i n g   to   t h e   m e t h o d   (c)   of  t h e  

a v e n t i o n ,   a l l   of   t h e   e v a p o r a t i o n   r a t e ,   c o a t i n g  

n i f o r m i t y ,   c o r r o s i o n   r e s i s t a n c e ,   a d h e s i o n   p r o p e r t y ,  

c n o o t h n e s s   and  d e n s i f y i n g   d e g r e e   a r e   e x c e l l e n t   a s  

o m p a r e d   w i t h   t h o s e   of  t h e   o t h e r   ( a ) ,   (b)  and   (d)  a s  

e l l   as  t h e   c a s e   of  no  i o n   p l a t i n g .  

N e x t ,   a  h o t   r o l l e d   s h e e t   of  s t a i n l e s s   s t e e l  

: o n t a i n i n g   C:  0 . 0 1 5 % ,   Mn:  0 . 1 5 % ,   Cr;   IS .   5%  and  Ni:   8 . 6 %  

2 .3   mm  t h i c k n e s s )   was  s u b j e c t e d   to  c o l d   r o l l i n g   -  

• e c r y s t a l l i z a t i o n   a n n e a l i n g   to  f o r m   a  s h e e t   of  0 . 2 5   mm 

.n  t h i c k n e s s ,   and  t h e r e a f t e r   t h e   s u r f a c e   was  a e g r e a s e d .  

?hen ,   t h e   s t e e l   s h e e t   s u r f a c e   was  s u b j e c t e d   to   t h e  

f o l l o w i n g   c o a t i n g   t r e a t m e n t s   (a)  -  (c)  t h r o u g h   0)  ECD 

n e t h o d ,   ©  (EB+RF)  m e t h o d   and  (D  s p r a y i n g   m e t h o d ,  

t h e r e b y   TiC  or  T i02   c o a t i n g   was  f o r m e d   as  an  o u t e r m o s t  

L a y e r   . 

(a)  Cr  of  0 . 5   um  was  f o r m e d   and  TiC  of  1 .5   um  was  f o r m e d  

t h e r e o n ;  

(b)  Cr  of  0 . 5   um  was  f o r m e d ,   and  T i e   of  0 . 5   urn  w a s  

f o r m e d ,   and  f u r t h e r   T i02   of  1 . 0   um  was  f o r m e d ?  

(C)  Cr  of  0 . 5   um  was  f o ^ e d ,   and  TiC  of  1 . 5   um  w a s  

f o r m e d ,   and  t h e   a n n e a l i n g   was  f u r t h e r   c a r r i e d   o u t   a t  

800*C  in  an  o x i d i z i n g   a t m o s p h e r e .  

The  w a v e l e n g t h   d e p e n d e n c y   of  r a d i o a c t i v i t y   a t  
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&uuwc  ( s u r r a c e   t e m p e r a t u r e   of  s a m p l e )   was  m e a s u r e d   t o  

o b t a i n   r e s u l t s   as  shown  in  P i g .   4,  w h i l e   t h e   a d h e s i o n  

p r o p e r t y ,   p e e l i n g   p r o p e r t i e s   a t   r a p i d   h e a t i n g   and  r a p i d  

c o o l i n g   and  r a d i o a c t i v i t y   a t   a  w a v e l e n g t h   of  7  um  e v e r y  

t h e   a b o v e   c o n d i t i o n   were   m e a s u r e d   to   o b t a i n   r e s u l t s   a s  

shown  in  T a b l e   3 .  
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As  s e e n   f rom  T a m e   j  ana   r i g .   <*,  ^   w  

s rmed   t h r o u g h   t h e   HCD  m e t h o d ,   t h e   a d h e s i o n   p r o p e r t y ,  

e e l i n g   p r o p e r t i e s   and  r a d i a t i o n   p r o p e r t y   a r e   g o o d   i n  

he  a l l   c o n d i t i o n s   (a)  -  (c)  as  c o m p a r e d   w i t h   t h e   c a s e s  

o rmed   by  t h e   o t h e r   m e t h o d s   (D  and  ® .  

M o r e o v e r ,   in  t h e   c a s e   (£ ,   t h e   r a d i a t i o n   p r o p e r t y  

s  e x c e l l e n t   in   t h e   c o n d i t i o n s   (b)  and  (c)  t h a n   t h e  

i o n d i t i o n   ( a ) .  

As  m e n t i o n e d   a b o v e ,   when  t h e   c o a t i n g   i s   f o r m e d  

>y  u s i n g   t h e   HCD  m e t h o d ,   t h e   i o n i z a t i o n   r a t i o   i s   as  h i g h  

»s  40-60%  as  c o m p a r e d   w i t h   t h e   o t h e r   (  EB+RF  )  m e t h o d   o r  

:he  s p r a y i n g   m e t h o d ,   so  t h a t   t h e   q u a l i t y   or  t h e   c o a t i n g  

:an  be  d e n s i f i e d ,   f rom  w h i c h   i t   is   c o n s i d e r e d   to   o b t a i n  

u a t e r i a l s   h a v i n g   i m p r o v e d   u n i f o r m i t y ,   a d h e s i o n   p r o p e r t y ,  

s m o o t h n e s s   and  r a d i a t i o n   p r o p e r t y .  

As  a  s t a r t i n g   m a t e r i a l   u s e d   in  f a r - i n f r a r e d  

r a d i a t i n g   m a t e r i a l -   a c c o r d i n g   to  t h e   i n v e n t i o n ,   i t   i s  

f a v o r a b l e   to  u s e   low  c a r b o n   s t e e l   s h e e t s   and  s t a i n l e s s  

s t e e l   s h e e t s ,   p a r t i c u l a r l y   r e l a t i v e l y   t h i n   s t e e l   s h e e t s  

( 0 . 1 - 1 . 5   mm  t h i c k n e s s )   c a p a b l e   of  p e r f o r m i n g   m a s s  

p r o d u c t i o n   and   r e n d e r i n g   i n t o   a  s h a p e   s u i t a b l e   f o r   u s e  

p u r p o s e   and  b e i n g   i n e x p e n s i v e   in   t h e   c o s t   and  h a v i n g   a n  

e l e c t r i c   c o n d u c t i v i t y .  

T h e s e   s t e e l   s h e e t s   a r e   u s u a l l y   p r o d u c e d   t h r o u g h  

h o t   r o l l i n g ,   c o l d   r o l l i n g   and  a n n e a l i n g   t r e a t m e n t   s t e p s  

and  t h e n   g r e a s e d   or  f u r t h e r   r e n d e r e d   i n t o   a  m i r r o r   s t a t e  
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f  R a £ 0 . 4   um  by  a  p o i i a m n g   ■crea^iuen^  e  x n e j . e s j . t e t ,   u i b  

u r f a c e   of  e a c h   of  t h e s e   s t e e l   s h e e t s   i s   s u b j e c t e d   to   a  

o a t i n g   t h r o u g h   t he   HCD  m e t h o d ,   in   t h i s   c a s e ,   a c c o r d i n g  

o  t h e   i n v e n t i o n ,   i t   i s   r e q u i r e d   to   c o a t   a t   l e a s t   one  o f  

l e t a l s   and  s e m i m e t a l s   s u c h   as  T i ,   Cr ,   A l ,   N i ,   S i ,   B  a n d  

;he  l i k e   a t   a  t h i c k n e s s   of  a b o u t   0 , 1 - 5   um  in  o r d e r   t o  

> r o v i d e   a  good   a d h e s i o n   p r o p e r t y   to   t h e   s t e e l   s h e e t ,  

l e x t ,   a  c e r a m i c   c o a t i n g   of  a b o u t   0 . 1 - 3   um  in  t h i c k n e s s  

.s  f o r m e d   on  t h e   m e t a l   - s e m i m e t a l   c o a t i n g   t h r o u g h   t h e   HCD 

a e t h o d .  

In  t h i s   c a s e ,   i t   i s   more   a d v a n t a g e o u s   t o  

p r e l i m i n a r i l y   h e a t   t h e   s t e e l   s h e e t   a t   1 0 0 - 6 0 0 ' C   p r i o r   t o  

che  f o r m a t i o n   of  t he   a b o v e   f i r s t   l a y e r   o f  

n e t a l *   s e m i m e t a l   c o a t i n g   in  v i e w   of  t h e   i m p r o v e m e n t   o f  

t he   p r o p e r t i e s .  

In  o r d e r   to  o b t a i n   good   f a r - i n f r a r e d   r a d i a t i n g  

p r o p e r t i e s ,   i t   i s   p r e f e r a b l e   t h a t   a t   l e a s t   one  o x i d e   o f  

T i ,   Cr ,   Al ,   Ni ,   Si  and  B  i s   f u r t h e r   f o r m e d   a t   a  

t h i c k n e s s   of  a b o u t   0 . 1 - 5   um  as  an  o u t e r m o s t   l a y e r  

t h r o u g h   t h e   HCD  me thod ,   or  the.   s t e e l   s h e e t   i s   a n n e a l e d   i n  

an  o x i d i z i n g   a t m o s p h e r e   a t   5 0 0 - 1 2 0 0 ° C   to   f o r m   an  o x i d e  

c o a t i n g .  

The  c o a t i n g   t r e a t m e n t   t h r o u g h   t h e   HCD  m e t h o d   m a y  

be  c a r r i e d   o u t   by  t h e   u s u a l   b a t c h   t y p e   a p p a r a t u s .   A p a r t  

f r o m   t h i s ,   t h e r e   may  be  u t i l i z e d   a  m e t h o d   o f  

s u c c e s s i v e l y   c o a t i n g   m e t a l   - s e m i m e t a l   o n t o   t h e   s t e e l  
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s h e e t   s u r f a c e ,   and  f u r t h e r   f o r m i n g   n i t r i d e ,   c a r b i d e   a n d  

s x i d e   l a y e r   t h e r e o n   by  t h e   c o n t i n u o u s   c o a t i n g   e q u i p m e n t  

( A i r - t o - A i r   a p p a r a t u s ) .  

P a r t i c u l a r l y ,   when  t h e   s t e e l   s h e e t   i s   u s e d   as  a  

c a r - i n f r a r e d   r a d i a t i o n   h e a t i n g   e l e m e n t ,   i t   i s   f a v o r a b l e  

to  u s e   a  h i g h   m e l t i n g   s u b s t a n c e   s u c h   as  Cr,   Ni  or  t h e  

l i k e   as  a  m e t a l *   s e m i m e t a l   c o a t i n g   f o r m e d   by  wet  p l a t i n g  

m e t h o d .  

In  t h e   i n v e n t i o n ,   i t   i s   i m p o r t a n t   t h a t   t h e   m e t a l  

or  s e m i m e t a l   c o a t i n g   i s   f o r m e d   as  '  an.  u n d e r g r o u n d   l a y e r  

p r i o r   to  t h e   f o r m a t i o n   of  c e r a m i c   c o a t i n g   o n t o   t h e   s t e e l  

s h e e t   s u r f a c e ,   w h e r e b y   t he   c o n s i d e r a b l e   i m p r o v e m e n t   o f  

c o r r o s i o n   r e s i s t a n c e   and  a d h e s i o n   p r o p e r t y   i s   a c h i e v e d .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e   m o v i n g   p a s s a g e  

of  t h e   e v a p o r a t e d   s u b s t a n c e   i s   s u r r o u n d e d   by  t h e  

f o c u s i n g   c o i l ,   w h e r e b y   t he   i n s i d e   of  t h e   m o v i n g   p a s s a g e  

of  t h e   e v a p o r a t e d   s u b s t a n c e   b e c o m e s   a t   a  good  p l a s m a  

s t a t e   and  s t r a y   v a p o r   b e c o m e s   l e s s ,   and  c o n s e q u e n t l y   t h e  

d e p o s i t i o n   o n t o   t h e   s u b s t r a t e   can   e f f e c t i v e l y   b e  

c o n d u c t e d .   F u r t h e r m o r e ,   s i n c e   p l a s m a   is   l o c k e d   i n s i d e  

t h e   m o v i n g   p a s s a g e   of   t h e   e v a p o r a t e d   s u b s t a n c e  

s u r r o u n d e d   by  t h e   f o c u s i n g   c o i l ,   t h e r e   i s   c a u s e d   n o  

w a s t e f u l   d i s c h a r g e   in   t h e   i o n   p l a t i n g   a p p a r a t u s   and   t h e  

b i a s   v o l t a g e   can   s t a b l y   be  a p p l i e d   to  t h e   s u b s t r a t e ,   s o  

t h a t   t h e   a d h e s i o n   p r o p e r t y   -of  t h e   c e r a m i c   c o a t i n g   i s  

I m p r o v e d   and  a l s o   t h e   c o a t i n g   b e c o m e s   d e n s e   to  i m p r o v e  



P  0  365  687  Al 

he  c o r r o s i o n   r e s i s t a n c e   ana   s m o a t n n e s s .  

From  t h e   r e s u l t s   of   t h e   a b o v e   e x p e r i m e n t s ,   i t   i s  

: l e a r   t h a t   t h e   m e t a l   ' s e m i m e t a l   c o a t i n g   i s   f o r m e d   as  a  

: i r s t   l a y e r   o n t o   t h e   s t e e l   s h e e t   s u r f a c e   by  t h e   HCD 

i s t h o d   a c c o r d i n g   to  t h e   i n v e n t i o n ,   and  t h e n   t h e   c e r a m i c  

: o a t i n g   is  f o r m e d   t h e r e o n ,   w h e r e b y   t h e   c o a t i n g s   e n t i r e l y  

i i f f e r e n t   f rom  t h e   c o a t i n g   t h r o u g h   o t h e r   i on   p l a t i n g  

me thods   and  h a v i n g   good  a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s  

md  c o r r o s i o n   r e s i s t a n c e   a r e   o b t a i n e d .  

M o r e o v e r ,   t h e   a b o v e   e f f e c t s   a r e   made  e q u a l   o r  

no  re  by  p r e v i o u s l y   s u b j e c t i n g   t h e   s t e e l   s h e e t   s u r f a c e   t o  

=  wet   p l a t i n g   and  f u r t h e r   a  s u b s e q u e n t   o x i d a t i o n   . 

t r e a t m e n t   . 

in  t h e   a d a p t a t i o n   of  t h e   HCD  m e t h o d   a c c o r d i n g   t o  

t h e   i n v e n t i o n ,   HCD  guns   a r e   a r r a n g e d   s i d e   by  s i d e   o v e r   a  

w i d t h w i s e   d i r e c t i o n   of  t h e   s t e e l   s h e e t   to  e n s u r e   t h e  

e v a p o r a t i o n   a m o u n t   and  u n i f o r m i t y ,   w h i c h   can   be  a p p l i e d  

to   c o i l s   h a v i n g   a  w i d t h   of  n o t   l e s s   t h a n   500  mm. 

P a r t i c u l a r l y ,   in   t h e   i n v e n t i o n ,   i t   i s   i m p o r t a n t   t o  

e f f e c t i v e l y   a d h e r e   t h e   e v a p o r a t e d   a t o m   to   t h e   s u b s t r a t e  

when  t h e   e v a p o r a t e d   s u b s t a n c e   i s   i o n i z e d   by  means   of  t h e  

HCD  g u n ,   and  t h e r e f o r e ,   i t   i s   e s s e n t i a l   t h a t   t h e  

f o c u s i n g   c o i l   i s   e x t e n d e d   f r o m   t h e   c r u c i b l e   to   t h e  

v i c i n i t y   of  t h e   s u b s t r a t e   to   f o r m   a  good   p l a s m a   s t a t e  

i n s i d e   t he   f o c u s i n g   c o i l .   M o r e o v e r ,   a  d i s t a n c e   f r o m   t h e  

u p p e r   end  of  t h e   f o c u s i n g   c o i l   to  t h e   s u b s t r a t e   i s  
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M t s « t a U i C   lu  we  s a g u c   mm,  in   t h i s   c a s e ,   i t   i s  

i m p o r t a n t   to  c o n d u c t   t h e   s u p p l y   of   p o w e r   i n t o   t h e  

f o c u s i n g   c o i l   w i t h i n   t h e   r a n g e   shown  in  F i g .   3 .  

In  c a s e   of  e n s u r i n g   t h e   a d h e s i o n   p r o p e r t y ,  

c o r r o s i o n   r e s i s t a n c e   of  c o a t i n g   and  u n i f o r m i t y   of  t h e  

t i e t a l -   s e m i m e t a l   c o a t i n g   and  f u r t h e r   t h e   c e r a m i c   c o a t i n g  

Eormed  on  t h e   s u b s t r a t e   or  t h e   wet   p l a t e d   s u b s t r a t e ,   t h e  

s t e e l   s h e e t   i s   s u b j e c t e d   to  a  p r e l i m i n a r y   h e a t i n g   a t   a  

: e m p e r a t u r e   of  1 0 0 - 6 0 0 C C   p r i o r   to  t h e   f o r m a t i o n   of  t h e  

: o a t i n g ,   or  a  v o l t a g e   of  1 0 - 2 0 0   V  is   a p p l i e d   to  t h e  

s t e e l   s h e e t   d u r i n g   t he   c o a t i n g ,   or  b o t h   t he   t r e a t m e n t s  

i r e   c o n d u c t e d .  

M o r e o v e r ,   t h e   p r e l i m i n a r y   h e a t i n g   b e f o r e   t h e  

: o a t i n g   is   u s u a l l y   c a r r i e d   o u t   by  u s i n g   e l e c t r o n   b e a m ,  

>r  may  be  c o n d u c t e d   by  u s i n g   an  i n f r a r e d   r ay   or  u s u a l  

' e s i s t a n c e   h e a t i n g .  

F u r t h e r ,   when  t h e   v o l t a g e   of  1 0 - 2 0 0   V  is   a p p l i e d  

:o  t h e   s t e e l   s h e e t ,   i t   i s   more   a d v a n t a g e o u s   t h a t   a  h i g h  

' o l t a g e   of   5 0 - 2 0 0   V  is   u s e d   a t   a  f i r s t   h a l f   s t a g e   of   t h e  

e a t i n g -   and  a.  low  v o l t a g e   o f   1 0 - 5 0   V"  i s   u s e d   a t   a  l a s t  

a l f   s t a g e   of  t h e   c o a t i n g   f r o m   a  v i e w p o i n t   of  t h e  

m p r o v e m e n t   of  t h e   c o a t i n g   a d h e s i o n   p r o p e r t y .  

I t   i s   f a v o r a b l e   t h a t   t h e   s t e e l   s h e e t   s u r f a c e   i s  

o m p l e t e l y   d e g r e a s e d   o r ,   i f   n e c e s s a r y ,   t h e   s t e e l   s h e e t  

u r f a c e   i s   r e n d e r e d   i n t o   a  m i r r o r   s t a t e   by  m e c h a n i c a l  

o l i s h i n g   or  c h e m i c a l   - e l e c t r o l y t i c   p o l i s h i n g   p r i o r   t o  
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s a t i n g   i s   f o r m e d   on  s u c h   a  m i r r o r   f i n i s h e d   s u r f a c e .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   i t   i s   p o s s i b l e   t o  

srm  a  c o a t i n g   h a v i n g   an  e x c e l l e n t   a d h e s i o n   p r o p e r t y  

i t h o u t   c o n d u c t i n g   a  u s u a l   b o m b a r d m e n t   t r e a t m e n t .  

Ei  t h i s   c a s e ,   a f t e r   a  p a s s i v a t e   c o a t i n g   i s   f o r m e d   by  t h e  

f o r e m e n t i o n e d   e l e c t r o l y t i c   t r e a t m e n t   w i t h   n i t r i c   a c i d ,  

he  m e t a l   a n d / o r   s e m i m e t a l   c o a t i n g   may  be  f o r m e d .  

As  t h e   m e t a l   and  s e m i m e t a l ,   T i ,   Zr ,   E f ,   V,  N b ,  

a,  Cr,   Mo,  W,  Mn,  Co,-  Cu,  Zn,  Al ,   3  and  Si  a r e  

; f £ e c t i v e i y   a d a p t a b l e .  

In  t h i s   c a s e ,   t h e   c o a t i n g   t h i c k n e s s   i s   f a v o r a b l e  

;o  be  a b o u t   0 , 1 - 5   um.  

T h e n ,   t h e   c e r a m i c   c o a t i n g   i s   f u r t h e r   f o r m e d   o n  

:he  m e t a l   ' s e m i m e t a l   c o a t i n g .  

As  t h e   c e r a m i c   c o a t i n g ,   a t   l e a s t   one  s e l e c t e d  

From  n i t r i d e s ,   c a r b i d e s   and  c a r b o n i t r i d e s   of  T i ,   Zr ,   H f ,  

7,  Nb,  Ta,  Cr ,   Mo,  W,  Mn,  Co,  N i ,   A l ,   B  and  Si  a n d  

D x i d e s   of  A l ,   Zn,  Mn,  Mg,  T i ,   Cr ,   B,  Ni  and  Si  i s  

p r e f e r a b l e .   In   t h i s   c a s e , ,   the.   c o a t i n g   t h i c k n e s s   i s  

d e s i r a b l e   to   be  a b o u t   0 . 1 - 5   um.  

A l t h o u g h   t h e r e   i s   m a i n l y   d e s c r i b e d   w i t h   r e s p e c t  

to  t h e   c a s e   of  f o r m i n g   two  l a y e r   c o a t i n g s   c o n s i s t i n g   o f  

m e t a l   - s e m i m e t a l   c o a t i n g   as  a  f i r s t   " l a y e r   and  c e r a m i c  

c o a t i n g   as  a  s e c o n d   l a y e r ,   t h e   i n v e n t i o n   i s   n o t   i n t e n d e d  

as  l i m i t a t i o n ,   t h e r e o f ,   and  a  f u r t h e r   c e r a m i c   c o a t i n g   m a y  
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)e  f o r m e d   on  t h e   a b o v e   two  l a y e r s   t h r o u g h   t h e   p r e s e n c e  

jr  a b s e n c e   of  a  m e t a l   - s e m i m e t a l   c o a t i n g .   T h a t   i s ,   a  

c e r a m i c   c o a t i n g   may  be  f o r m e d   as  a  t h i r d   l a y e r ,   or  a  

n e t a l -   s e m i m e t a l   c o a t i n g   may  be  f o r m e d   as  a  t h i r d   l a y e r  

and  a  c e r a m i c   c o a t i n g   may  be  f o r m e d   as  a  f o u r t h   l a y e r ,  

or  f u r t h e r   t h e   f o r m a t i o n   of  s u c h   c o a t i n g   may  b e  

r e p e a t e d .   In  b r i e f ,   in  t h e   i n v e n t i o n ,   t h e  

n e t a l   ♦ s e m i m e t a l   c o a t i n g   i s   f o r m e d   as  an  i n n e r m o s t   l a y e r  

and  t h e   c e r a m i c   c o a t i n g   i s   f o r m e d   as  an  o u t e r m o s t   l a y e r .  

M o r e o v e r ,   t h e   c o a t e d   s t e e l   s h e e t s   o b t a i n e d  

a c c o r d i n g   to  t h e   i n v e n t i o n   can  be  u s e d   as  a  f a r - i n f r a r e c  

r a d i a t i o n   h e a t i n g   e l e m e n t .   In  t h i s   c a s e ,   i t   i s  

p r e f e r a b l e   t h a t   t h e   c e r a m i c   c o a t i n g   of  o x i d e   is   f o r m e d  

as  an  o u t e r m o s t   l a y e r   or  t h e   a n n e a l i n g   i s   c a r r i e d   o u t   i r  

an  o x i d i z i n g   a t m o s p h e r e   of  5 0 0 - 1 2 0 0 ° C   a f t e r   t h e  

f o r m a t i o n   of  t h e   c e r a m i c   c o a t i n g .  

In  t h e   d e p o s i t i o n   of  m e t a l *   s e m i m e t a l   and  c e r a m i '  

t h r o u g h   t h e   ECD  m e t h o d ,   an  a p p a r a t u s   of  c o n t i n u o u s  

v a c u u m   l i n e   i s   u s u a l l y   u s e d ,   b u t   a  b a t c h   t y p e  

e v a p o r a t i o n   a p p a r a t u s   of  a  l a r g e   c a p a c i t y   may  be  u s e d .  

In  t h e   i n v e n t i o n ,   low  c a r b o n   c o l d   r o l l e d   s t e e l  

s h e e t s   or  s t a i n l e s s   s t e e l   s h e e t s   c a p a b l e   of  p r o v i d i n g   a  

w ide   a r e a   and  b e i n g   r e l a t i v e l y   c h e a p   a r e   a d v a n t a g e o u s l y  

a d a p t e d   as  t h e   s u b s t r a t e .  
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  s c h e m a t i c   v i e w   of  a  b a t c h   t y p e   i o n  

p l a t i n g   a p p a r a t u s   a p p l i e d   to  t h e   i n v e n t i o n ;  

F i g .   2  i s   a  s c h e m a t i c   v i e w   of  t h e   c o n v e n t i o n a l  

i o n   p l a t i n g   a p p a r a t u s ;  

F i g .   3  i s   a  g r a p h   s h o w i n g   a  r e l a t i o n s h i p   b e t w e e n  

m a k i n g   power   f o r   ECD  beam  and  m a k i n g   p o w e r   f o r   f o c u s i n g  

c o i l   upon  t he   q u a l i t y   of  t h e   c e r a m i c   c o a t i n g ;   a n d  

J i g .   4  i s   a  g r a p h   s h o w i n g   a  w a v e l e n g t h  

d e p e n d e n c y   of  r a d i o a c t i v i t y   a t   a  s u r f a c e   t e m p e r a t u r e   o f  

6 0 0 ° C .  

BEST  MODS  OF  CARRYING  OUT  TEE  INVENTION 

E x a m p l e   1 

A  h o t   r o l l e d   s h e e t   of  s t a i n l e s s   s t e e l   c o n t a i n i n g  

C:  0 . 0 3 8 % ,   S i :   0 . 1 2 % ,   Mn:  1 .0%,   Cr  :  17 .5%  and  Mo:  1 , 4 %  

( 2 . 2   mm  t h i c k n e s s )   was  c o l d   r o l l e d   to   a  t h i c k n e s s   c f  

0 .3   mm  -and  s u b j e c t e d   to  an  a n n e a l i n g   t r e a t m e n t ,   f r o m  

w h i c h   a  s p e c i m e n   of  500  mm  x  500  mm  was  cu t   o u t   as  a  

s u b s t r a t e .   A f t e r   t h e   s u r f a c e   of  t h e   s u b s t r a t e   w a s  

d e g r e a s e d ,   a  c o a t i n g   s e l e c t e d   f r o m   v a r i o u s   m e t a l s   a n d  

s e m i m e t a l s   was  f o r m e d   on  t h e   s u r f a c e   a t   a  t h i c k n e s s   o f  

0 .5   um  by  an  i o n   p l a t i n g   t r e a t m e n t   u s i n g   an  a p p a r a t u s  

shown  in  F i g .   1  and   t h e n   v a r i o u s   c e r a m i c   c o a t i n g s   w e r e  

f o r m e d   t h e r e o n   a t   a  t o t a l   t h i c k n e s s   of  1 .0   um,  a n d  

f u r t h e r   t h i r d   and   f o u r t h   l a y e r s   w e r e   f o r m e d   on  a  p a r t   o f  

t h e   p r o d u c t .   The  a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s ,  



™„„SW4WtB  u c ^ i t y m g   d e g r e e   of  t h e   t h u s  
o b t a i n e d   p r o d u c t s   w e r e   m e a s u r e d .   The  r e s u l t s   a r e   s h o w n  
Ln  T a b l e   4 .  

M o r e o v e r ,   t h e   c o n d i t i o n s   of  t h e   i on   p l a t i n g  
: r e a t m e n t   w e r e   a c c e l e r a t i o n   c u r r e n t :   1000  A,  

i c c e l e r a t i o n   v o l t a g e ;   70  V,  v a c u u m   d e g r e e :   7x l0~4  T o r r ,  

' O l t a g e   and  c u r r e n t   of  f o c u s i n g   c o i l s   10  v,  800  A,  b i a s  

? o l t a g e :   80  V  and  p r e l i m i n a r i l y   h e a t i n g  

: e m p e r a t u r e :   5 0 0 ° C .  
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s a m p l e   1 

A  c o l d   r o l l e d   s h e e t   of  .a  low  c a r b o n   s t e e l  

o n t a i n i n g   C;  0 . 0 4 4 % ,   S i ;   0 , 0 1 % ,   Mn!  0 . 3 3 % ,   P:  0 . 0 0 9 %  

nd  S:  0 ,011%  (a  h o t   r o l l e d   s h e e t   of  2 .2   mm  in  t h i c k n e s s  

as  c o l d   r o l l e d   to  a  t h i c k n e s s   of  0 .7   mm)  was  s u b j e c t e d  

o  a  r e c r y s t a l l i z a t i o n   a n n e a l i n g   a t   680°C  f o r   10  h o u r s ,  

h e r e a f t e r ,   t h e   s u r f a c e   of  t h e   s t e e l   s h e e t   was  p o l i s h e d  

o  a  c e n t e r - l i n e   a v e r a g e   r o u g h n e s s   Ra  of  0 .2   um  b y  

i l e c t r o l y t i c   p o l i s h i n g " ,   o n t o   w h i c h   we re   f o r m e d   a  

l e t a l -   s e m i m e t a l   c o a t i n g   ( 0 , 7   um  t h i c k n e s s )   and  a  c e r a m i c  

: o a t i n c   ( 0 . 7 - 0 . 8   um  t h i c k n e s s ) ,   e a c h   b e i n g   made  f rom  a  

s u b s t a n c e   shown  in  T a b l e   5,  by  u s i n g   t he   a p p a r a t u s   s h o w n  

Ln  P i g .   1  u n d e r   c o n d i t i o n s   of  HCD  a c c e l e r a t i o n  

v o l t a g e ;   80  V,  a c c e l e r a t i o n   c u r r e n t :   1000  A,  v a c u u m  

a s g r e e :   8x i0~4   T o r r ,   f o c u s i n g   c o i l ;   7  V,  600  A,  b i a s  

v o l t a g e :   70  V  and  p r e l i m i n a r i l y   h e a t i n g   t e m p e r a t u r e :  

4 5 0 ° C .  

M o r e o v e r ,   as  to  n u m e r a l s   ( 1 ) ,   ( 5 ) ,   ( 9 ) ,   ( 1 3 ) ,  

(16)   and  (20)   in  T a b l e   5,  a  Ni  t h i n   c o a t i n g   of  0 .5   um  i n  

t h i c k n e s s   was  f o r m e d   on  t h e   s t e e l   s h e e t   s u r f a c e   by  w e t  

p l a t i n g   p r i o r   to  t h e   d r y   p l a t i n g .  

The  a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s ,   c o r r o s i o n  

r e s i s t a n c e   and  d e n s i f y i n g   d e g r e e   of  t h e   o b t a i n e d  

p r o d u c t s   we re   m e a s u r e d   to  o b t a i n   r e s u l t s   as  shown  i n  

T a b l e   5 .  
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A  h o t   r o l l e d   s h e e t   ( 2 . 3   mm  t h i c k n e s s )   o f  

s t a i n l e s s   s t e e l   c o n t a i n i n g   C:  0 . 0 4 % ,   Mn:  1 . 2 % ,  

S i ;   0 . 0 8 % ,   Cr:  17.2%  and  Ni;   8.9%  was  f i n i s h e d   to  a  

t h i c k n e s s   of  0 . 2 5   ram  t h r o u g h   c o l d   r o l l i n g   and  h e a t  

t r e a t m e n t .   T h e r e a f t e r ,   t he   s t e e l   s h e e t   s u r f a c e   w a s  

i e g r e a s e d   and  Cr ,   Ni  and  Ti  w e r e   c o a t e d   o n t o   the   s t e e l  

s h e e t   s u r f a c e   a t   r e s p e c t i v e   t h i c k n e s s   of  0 .5   ym  by  HCD 

n e t h o d   . 

T h e n ,   c o a t i n g s   of  v a r i o u s   n i t r i d e   •  c a r b i d e   w e r e  

f o r m e d   a t   a  t h i c k n e s s   of  1 . 5 - 3 . 0   um.  T h e r e a f t e r ,   a  p a r t  

3f  t h e   s a m p l e s   was  s u b j e c t e d   to  a  c o a t i n g   t r e a t m e n t   o f  

v a r i o u s   o x i d e s   ( 1 . 5   um  t h i c k n e s s )   or  to  an  a n n e a l i n g  

t r e a t m e n t   in  an  o x i d i z i n g   a t m o s p h e r e   of  8 0 0 ° C .  

The  a d h e s i o n   p r o p e r t y ,   p e e l i n g   p r o p e r t i e s   a t  

r a p i d   h e a t i n g - r a p i d   c o o l i n g   and  r a d i a t i o n   p r o p e r t i e s  

!  r a d i o a c t i v i t y   a t   s u r f a c e   t e m p e r a t u r e   of  650°C  a n d  

w a v e l e n g t h   of  7  um)  of  t h e   t h u s   o b t a i n e d   p r o d u c t s   w e r e  

l e a s u r e d   to  o b t a i n   r e s u l t s   as  shown  in  T a b l e   6 .  
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A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e r e   can   b e  
b r a i n e d   s t e e l   s h e e t ,   b e i n g   d e n s e   in  t he   ^  
• n o .   e x c e l l e n t   in  a l l   of  a d h e s i o n   p r o p e r t y ,   T O  
- r o r m i t y   and  c o r r o s i o n   r e s i s t M C 8 ,   ana   e 0 M a a u  

S t S e l   S h e S t S   ° »   be  to  use   a p p l i c a t i o n ,  
W i r i n g   v a r i o u s   s u r f a c e   p r o p e r t i e s   i n c l u s i v e   of  w e a r  
d i s t a n c e   and  c o r r o s i o n   r e s i s t a n c e .  
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1.  a  s t e e l   s h e e t   p r o v i d e d   w i t h   a  d e n s e   c e r a m i c  

■a t i ng   h a v i n g   i m p r o v e d   a d h e s i o n   p r o p e r t y ,   s m o o t h n e s s  

id  c o r r o s i o n   r e s i s t a n c e ,   c o m p r i s i n g   an  u n d e r g r o u n d  

mat ing   f o r m e d   on  a  s u r f a c e   of  a  low  c a r b o n   s t e e l   s h e e t  

:  a  s t a i n l e s s   s t e e l   s h e e t   and  made  f rom  at   l e a s t   one  o f  

s t a l s   and  s e m i m e t a l s ,   and  a  c e r a m i c   c o a t i n g   of  a t   l e a s t  

ie  l a y e r   f o r m e d   on  s a i d   u n d e r g r o u n d   c o a t i n g ?   s a i d  

5 r s m i c   c o a t i n g   h a v i n g   a  s u r f a c e   r o u g h n e s s   Ra  of  n o t  

o re   tha r .   0 .4   um  and  a  p o r e   number   pe r   1  cm2  of  no t   m o r e  

han  1 .  

2.  The  s t e e l   s h e e t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

a i d   m e t a l   - s e m i m e t a l   c o a t i n g   i s   e x i s t e n t   b e t w e e n   s a i d  

: e r a m i c   c o a t i n g s .  

3.  The  s t e e l   s h e e t   a c c o r d i n g   to  c l a i m   1  or  2 ,  

7 h e r e i n   s a i d   c e r a m i c   c o a t i n g   i s   made  f r o m   at   l e a s t   o n e  

s e l e c t e d   f rom  n i t r i d e s ,   c a r b i d e s   or  c a r b o n i t r i d e s   of  T i ,  

l t r   Hf ,   V,  Nb,  Ta,   Cr ,   Mo,  W,  Mn,  Co,  Ni ,   Al ,   B  and  S i  

,nd   o x i d e s   of  A l ,   Zn,  Mn,  Mg,  T i ,   Cr,_  B,  Ni  and  S i .  

4  .  A  m e t h o d   of.  p r o d u c i n g   s t e e l   s h e e t s   p r o v i d e d   w i t h  

a  d e n s e   c e r a m i c   c o a t i n g   h a v i n g   i m p r o v e d   a d h e s i o n  

p r o p e r t y ,   s m o o t h n e s s   and  c o r r o s i o n   r e s i s t a n c e   by  f o r m i n g  

a  c e r a m i c   c o a t i n g   o n t o   a  s u r f a c e   of  low  c a r b o n   s t e e l  

s h e e t   or  s t a i n l e s s   s t e e l   s h e e t   t h r o u g h   an  ion   p l a t i n g  

t r e a t m e n t   w i t h   HCD  m e t h o d ,   w h i c h   c o m p r i s e s   f o r m i n g   a  

m e t a l -   s e m i m e t a l   c o a t i n g   made  f r o m   a t   l e a s t   one  of  m e t a l s   . 
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id  s t e e l   s h e e t   and  f o r m i n g   a  c e r a m i c   c o a t i n g   as  a  

cond   l a y e r   on  s a i d   c o a t i n g   u n d e r   t h e   f o l l o w i n g  

e d i t i o n s   u s i n g   as  a  m o v i n g   p a s s a g e   of  an  e v a p o r a t i o n  

. b s t a n c e   an  i n s i d e   of  a  f o c u s i n g   c o i l   a r r a n g e d   so  as  t o  

L r r o u n d   an  o u t e r   p e r i p h e r y   of  a  c r u c i b l e   and  e x t e n d  

J5r  to   s a i d   s u r f a c e   of  s a i d   s t e e l   s h e e t .  

A c c o u n t  

30  £  H  s»  1 6 0  

0 . 2 + 0 . 0 3 H   S  ?  ^  5 . 5 + 0 . 0 7 5 H  

( w h e r e i n   H;  a  m a k i n g   power   (kW)  of  HCD  b e a m  

F:  a  m a k i n g   power   (kW)  of  f o c u s i n g   c o i l )  

5.  The  m e t h o d   of  p r o d u c i n g   s t e e l   s h e e t s   a c c o r d i n g  

.o  c l a i m   4,  w h e r e i n   a  s u r f a c e   of  s a i d   s t e e l   s h e e t   i s  

o b j e c t e d   to   a  p o l i s h i n g   t r e a t m e n t   so  as  to  b e  

La;a0 .4   um  p r i o r   to  t he   f o r m a t i o n   of  s a i d  

a e t a l -   s e m i m e t a l   c o a t i n g   as  a  f i r s t   l a y e r .  

6.  The  m e t h o d   of  p r o d u c i n g   s t e e l   s h e e t s   a c c o r d i n g  

so  c l a i m   4  or   5,  w h e r e i n   s a i d   s t e e l   s h e e t   i s  

p r e l i m i n a r i l y   h e a t e d   to   1 0 0 - 6 0 0 ' C   p r i o r   to  t h e   f o r m a t i o n  

of  s a i d   m e t a l   - s e m i m e t a l   c o a t i n g   as  a  f i r s t   l a y e r .  

7.  The  m e t h o d   of  p r o d u c i n g   s t e e l   s h e e t s   a c c o r d i n g  

to   c l a i m   4,  5  or  6,  w h e r e i n   a  s u r f a c e   of  s a i d   s t e e l  

s n e e t   i s   s u b j e c t e d   to  Cr  or  Ni  p l a t i n g   by  wet   p l a t i n g  

p r i o r   to   t h e   f o r m a t i o n   of  s a i d   m e t a l   - s e m i m e t a l   c o a t i n g  

as  a  f i r s t   l a y e r .  
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8.  The  m e t h o d   of  p r o d u c i n g   s t e e l   s h e e t s   a c c o r d i n g  

:o  c l a i m   4,  5,  6  or  7,  w h e r e i n   t h e   f o r m a t i o n   of  c e r a m i c  

: o a t i n g   is  r e p e a t e d   on  s a i d   c e r a m i c   c o a t i n g   as  a  s e c o n d  

. a y e r   t h r o u g h   t he   p r e s e n c e   or  a b s e n c e   of  m e t a l *   s e m i m e t a l  

: o a t i n g ,   i f   n e c e s s a r y .  

9.  The  m e t h o d   of  p r o d u c i n g   s t e e l   s h e e t s   a c c o r d i n g  

:o  c l a i m   4,  5  ,  6,  7  or  8,  w h e r e i n   an  a n n e a l i n g   t r e a t m e n t  

Ls  c a r r i e d   ou t   in  an  o x i d i z i n g   a t m o s p h e r e   of  5 0 0 - 1 2 G O ° C  

a f t e r   t h e   f o r m a t i o n   of  c e r a m i c   c o a t i n g   as  a  f i n a l   l a y e r .  

.10.   The  m e t h o d   of  p r o d u c i n g   s t e e l   s h e e t s   a c c o r d i n g  

bo  c l a i m   4,  5,  6,  7,  8  or  9,  w h e r e i n   s a i d   c e r a m i c  

c o a t i n g   is  made  f rom  at   l e a s t   one  s e l e c t e d   f r o m  

n i t r i d e s ,   c a r b i d e s   or  c a r b o n i t r i d e s   of  T i ,   Zr,   Hf,  V ,  

Nb,  Ta,   Cr,   Mo,  W,  Mn,  Co,  Ni ,   Al ,   B  and  Si  and  o x i d e s  

of  Al ,   Zn,  Mn,  Mg,  T i ,   Cr ,   3,  Ni  and  S i .  
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